Current literature on disaster response argues that societies providing greater local participation in decision-making and which have more community coordination and governance organizations are more resilient to climate-related disasters. In contrast, recent research in psychology has argued that societies with tighter social norms and greater enforcement of those norms are more resilient. This paper tests whether one or both of these seemingly competing perspectives can be empirically supported through an examination of the diachronic impact of climate-related disasters on ancient societies. A cross-cultural research design and a sample of 33 archaeologically-known societies bracketing 22 catastrophic climate-related disasters are used to test two hypotheses about resilience to climate-related disasters. The paper finds that societies allowing greater political participation appear to provide greater resilience to catastrophic climate-related disasters, generally supporting the predominant perspective in contemporary disaster response.
Introduction 1
This paper tests two hypotheses about social resilience to climate-related disasters using 2 data from ancient societies. The paper is in no way unique in using archaeological data to 3 examine the societal impact of natural disasters or mechanisms of social resilience (e. unique in doing so using cross-cultural comparison of ancient societies throughout the world. A 6 strength of cross-cultural comparison using archaeological data is that it allows one to test 7 whether or not an assumed predictive condition actually precedes its assumed effects; that is, 8 whether a society with the predictive condition empirically changes in the predicted manner over 9 time (Peregrine 2001 (Peregrine , 2004 ; Smith and Peregrine 2012). If a predictor of social resilience to 10 climate-related disasters can be identified and applies to societies of varying scales and 11 complexities throughout human history, then there is good reason to believe that it can be used to 12 or processes of resilience (Davidson et al. 2016) . In this paper the definition used is commonly 18 called "resistance" or "adaptability" which refers to the capacity of a social system "to 19 successfully avoid crossing into an undesirable system regime, or to succeed in crossing back to 20 into a desirable one" following a disaster (Walker, Holling, Carpenter and Kinzig 2004). This is 21 opposed to "transformative resilience", which refers to the capacity of a social system "to create as they are not examined in the literature on societal tightness, discussed below. In addition, only 33 "catastrophic" events, defined by Lorenz and Dittmer (2016:37) as "devastating events which 34 encompass entire societies" are focused on, as opposed to less far-reaching "disasters" or 35 localized "emergencies" (Lorenz and Dittmer 2016). This focus is due to the limitations of the 36 archaeological and paleoenvironmental records. These are important points to keep in mind 37 when considering the paper's results. 38
a. Social Resilience 39
There is a vast and growing literature on social resilience to disaster. The concept of 40 resilience has its roots in ecology and the basic idea that the ability to withstand shocks should be 41 seen through the lens of organisms operating within a complex adaptive system (e.g. Redman 42
and Kinzig 2003; Meerow, Newell, and Stults 2016). The basic concepts of resilience were first 43 developed in a seminal paper by C.S. Holling (1973) societal, participation has to be equal at all those levels. A key element in participative capacity 92 is control and flow of information. In more resilient social systems horizontal (that is, between 93 individuals operating on similar scales) information flow appears more important than vertical 94 flow so that control of information at high levels in a hierarchical system may lead to less 95 resilience (Redman and Kinzig 2003). Because key definitional elements of the corporate-96 exclusionary continuum focus on both these features-participation in decision making and 97 control over information and material flows-it would seem that the corporate-exclusionary 98 continuum should be a good proxy measure for societal flexibility, at least as it is thought of 99 within "flexibility theory". 100
Using the corporate-exclusionary and tightness-looseness continuums as the independent 101 variables, and accepting the definition of social resilience put forward above, the two hypotheses 102 to be tested in this paper are: 103
Hypothesis 1: Societies with more corporate political strategies are more resilient to 104 catastrophic climate-related disasters. 105
Hypothesis 2: Societies with tighter adherence to social norms are more resilient to 106 catastrophic climate-related disasters. 107
It should be noted that these hypothesis are rather specific. They focus only on catastrophic and 108 climate-related disasters. They do not take into account potential differences in "vulnerability" 109
among the societies that are tested, nor disasters that are small-scale or involve non-climatic 110 events. These are limitations, but they are necessary to match the manner in which the second 111 hypothesis was tested in the literature on modern nations (Gelfand et. al. 2011; Harrington and 112 Gelfand 2014) and the available archaeological and paleoenvironmental records. On the other 113 hand, the hypotheses themselves require evaluating whether pre-existing social conditions 114 impact resilience, which itself can be taken as a measure of vulnerability. 115
Methods 116

a. Sample 117
The sample used here is a bit unusual and requires some preliminary explanation. 118
Because this study is focused on resilience to climate-related disasters, the sample is one based 119 on climate-related disasters rather than disasters involving geological processes, human-induced 120 environmental degradation, or the like. It is important to note before continuing that what is 121 being termed a "disaster" in this study is what would be termed a "catastrophe" in the disaster 122 resilience literature; that is, an event or series of events that lead to societal-wide disruption 123 rather than a smaller-scale "disaster" or "emergency" ( archaeological research that could provide adequate data for examining resilience, so the sample 128 had to be selected based on specific criteria rather than on random sampling. Those criteria were 129
(1) a specific region or site that has been the focus of extensive archaeological research; and that 130 (2) has been subjected to at least one catastrophic climate-related disaster that can be clearly 131 identified in both the geological and archaeological record (and, again, what is visible in the 132 archaeological and geological record is often a time period of repeated climate-related disasters 133 rather than a single catastrophic event); and that (3) is spatially and culturally distinct from other 134 cases in the sample in order to minimize the likelihood of autocorrelation (a formal analysis of 135 autocorrelation effects could not be conducted here because the linguistic data normally used as a 136 control is lacking for most archaeological cases). 137
To address the first sampling criterion preference was given to cases included in eHRAF 138 Archaeology (ehrafarchaeology.yale.edu), a repository of primary and secondary source 139 documents that have been indexed for content to the paragraph level and thus provides rapid 140 access to specific information in the repository documents. To address the second sampling 141 criterion only cases that have been discussed in the archaeological literature as having been 142 subject to one or more catastrophic climate-related disasters were considered (except for the 143 Ontario Peninsula and Northern Europe, which were chosen as a control cases for the analyses). 144
And to address the third sampling criterion cases were sought from different culture areas of the 145 world. Because the cases are from different culture areas and are spatially segregated, 146 autocorrelation should be minimized (again, a formal test could not be conducted using a 147 linguistic control, and a test employing location as a control is unnecessary as the cases are so 148 distant from one another). In the end 22 distinct catastrophic climate-related disasters impacting 149 societies in 9 regions were selected for coding (Figure 1 ). Individual cases coded consisted of 150 those archaeologically-known societies inhabiting a specific region impacted by the disaster; 151 with one case representing the time period within 100 years before the disaster, and another the 152 time period within 100 years after the disaster (only the period preceding the disaster is analyzed 153 in this paper, as predictive conditions are the focus of this paper). The sample cases are listed in 154 The coding process itself was done on electronic forms (also archived at the HRAF 167 Advanced Research Center) by students who had been trained for the task but were unaware of 168 the hypotheses to be tested (naïve coders in the terminology of cross-cultural research). Two 169 coders first read through documents in eHRAF Archaeology on a focal site or region and time 170
period as specified for a given case, then copied passages relating to each variable in the 171 codebook, and arrived at a preliminary code. They then met to identify disagreements in coding, 172 and when disagreements were found, they read through each other's collected passages to 173 determine if they missed some information. Usually the coders came to an agreed code based on 174 their combined reading and recording of the source materials. When they did not, the variable 175 was coded as having missing or conflicting data (in rare instances the coders agreed on a 176 "resolved" code to which one or both disagreed, but that both agreed should not be coded as 177 missing or conflicting). 178
It is important to note that coders were only to use data for the focal region during the 179 focal time period, which was the 100-year period before or the 100-year period following a given 180 climate-related disaster. There were rare occasions where data were not available within that 181 narrow range, and in those cases the focal time period was expanded to include the time periods 182 typically used within a local archaeological chronology. Similarly, focal regions did not always 183 have sufficient data to code all the variables, and the rare cases when additional data were 184 required coders were allowed to look at nearby sites with better data on the variable being coded. 185
The assumption is that these expansions of focal dates and regions added random error to the 186 coded data rather than any systematic bias, as each coder decided individually when to look 187 beyond the focal region and time period, so they were not systematically altering a case's 188 parameters. The second independent variable is the "Corporate-Exclusionary Index" which measures 203 the degree to which the political agents control access to political authority (Blanton et al. 1996) . 204
The index was constructed as the average standardized scores on the five variables listed in 205 Table 3 , and is described in more detail by Peregrine (2008 Peregrine ( , 2012 and Peregrine and Ember 206 (2016) . In brief, the index measures the degree to which political agents encourage or discourage 207 political participation and interaction with external polities. In more corporate societies, which 208 score lower on the scale, agents encourage members of the society to participate in political 209 activities, share authority broadly, and allow greater interaction with outsiders. The opposite is 210 true in more exclusionary societies, where agents control access to political authority, share it 211 only among a small group of peers, and prevent most members of society to interact with 212 outsiders. The index measure for the corporate-exclusionary continuum employed here has been 213 used to code archaeological data in several previous research projects that have produced 214
statistically robust results (Peregrine 2008 (Peregrine , 2012 Peregrine and Ember 2016) . 215
[ Table 3 about here] 216
The indexes comprising the two independent variables are statistically robust. The 217 Looseness-Tightness Index has an alpha of .863 (6 items) and all the variables that comprise it 218 correlate to a single factor explaining 61% of the variance. The Corporate-Exclusionary Index 219 has an alpha of .978 (5 items) and all the variables that comprise it correlate to a single factor 220 explaining 92% of the variance. It is interesting to note that the two indexes correlate (r = .844, p 221 < .000), although not entirely surprising. One of the features of more exclusionary political 222 strategies is control over prestige objects and symbols of power. This control would translate, in 223 the material record at least, into the appearance of greater adherence to social norms. However, 224 the indexes separate into two factors with little overlap following varimax rotation, suggesting 225 that they do tap into somewhat different societal properties. 226
The dependent variables reflect the social impact of a specific catastrophic climate-227 related disaster on seven areas: population, health and nutrition, conflict, household organization, 228 village organization, regional organization, and communal ritual, all coded on a 3-point none, 229 some, much scale. These were coded based on the change observed in related variables coded for 230 the time period before the climate-related disaster versus those for the time period following. 231
Greater stability in the dependent variables is assumed to indicate resilience, following the 232 definition presented earlier. It should be noted that these variables were originally coded on a 233 five-point scale from significant decrease to significant increase, thus identifying the direction of 234 change rather than simply whether or not change occurred. The variables were recoded into the 235 three point scale used here because (1) a number of the relationships turned out to be curvilinear, 236
and recoding solved this issue; and (2) since the hypotheses are related to stability and not the 237 direction of change, the recoding did not impact the hypothesis tests, and indeed may be more 238 appropriate than the original coding. One might be appropriately concerned that identifying climate-related disasters in this 251 way would create a self-fulfilling prophecy-that climate-related disasters cause changes in 252 social organization that are, in themselves, the things that lead archaeologists to identify climate-253 related disasters-but that concern is not wholly warranted. Each case where a climate-related 254 disaster was suggested in the archaeological literature was independently verified through 255 geological markers in order to be included in the sample, so these are "true" disasters, pointed at 256 through the archaeological record, but geologically confirmed. That these disasters impacted the 257 coded archaeological cases in an obvious way is not a serious problem for this study, as the focus 258
here is on social resilience as indicated by variation in change and the degree to which that 259 variation can be predicted by the independent variables. 260
Results 261
Two hypotheses were tested using the data produced through the methodology described 262 above. Hypothesis 1 was that societies with more inclusive and participatory political structures 263 are more resilient to climate-related disasters than are societies in which leaders tightly control 264 access to political authority. Table 4 disaster. This would suggest that having a more corporately-oriented political organization tends 271 to minimize conflict following a disaster and to preserve core structures of both regional 272 organization and the public rituals that bond groups into social units. 273
[ Table 4 about here] 274
Hypothesis 2 was that societies with tighter adherence social norms are more resilient to 275 climate-related disasters than are societies with looser adherence to social norms. Table 4 indicate 278 minimal support for Hypothesis 2. Only one correlations statistically significant, and it is in the 279 direction opposite to that hypothesized. Indeed, all but one of the correlations are in the direction 280 opposite to that hypothesized. One thus must reject Hypothesis 2 and conclude that adherence to 281 social norms does not appear to provide meaningful resilience to climate-related disasters. 282
These results suggest that societies with more inclusive political structures tend to be 283 more resilient to catastrophic climate-related disasters in terms of internal conflict, regional 284 organization, and community ritual. These results support the basic tenants of "flexibility theory" 285 In any case, the conclusion that societies with more inclusive political structures are more 312 socially resilient to catastrophic climate-related disasters must be received cautiously for at least 313 two reasons. First, the sample size is small, and given the limitations created by the sampling 314 criteria, it is entirely possible that the sample represents an atypical segment of the range of 315 variation in societies that have experienced catastrophic climate-related disasters. Second, 316 despite our best efforts to create a strict protocol, the concepts coded do not always have 317 unambiguous archaeological indicators, and thus variables coded were of necessity coarse-318 grained. With these problems one would assume the resulting data would contain considerable 319 random error. Being random, however, this error is unlikely to have created a false relationship 320 between two variables (Type II error), but rather to make it more difficult to find true 321 relationships (Type I error). Thus one would expect that finding support for Hypothesis 1 would 322 be difficult given the coarseness of the data. But support was found for some of the variables, 323 and for that reason the coarseness of the data may not have been as serious a problem as 324 anticipated (although it may have prevented the identification of relationships in the other 325 variables), or the relationships are so strong that the random error inherent in these coarse data 326 did not mask them (cf. Loken and Gelman 2017). 327
Conclusions 328
While there are obvious problems in the methods and data employed here, the potential 329 of cross-cultural research using the archaeological record far outweighs those problems, for in 330 cross-cultural research we have a powerful method through which archaeology can be made 331 obviously relevant for understanding, and perhaps addressing, contemporary social problems 332 both the specific site and related sites in the area surrounding it. General time periods refer to 586 periods in the local chronology, but coding was restricted to the 100-year period prior to and 587 Table 2 . Looseness-Tightness Index codes. Community integration and community ceremonials 735 were coded following the coding details in Murdock and Wilson (1972) ; for the other variables 736 "unstandardized" implies that the range of variation extends far beyond a basic set of forms or 737 types; "moderately unstandardized" implies that while most items follow a basic set of forms or 738 types, they are also routinely altered or personalized to create a relatively large range of variation 739 within those basic forms or types; "moderately standardized" implies that basic forms or types 740 are generally followed, albeit with variation due to individual manufacture or preference; 741 "standardized" implies strong adherence to basic forms or types with relatively little variation. 
